Drug dosage calculation and administration is an important function of nurses. The key professional role of nurses is to ensure safe drug dosage calculation while performing medication administration. Literature indicates that medication errors are a common cause of morbidity and mortality that may results due to wrong drug dosage calculation (Cheragi, Manoocheri, Mohammadnejad, & Ehsani, 2013; Fleming, Brady, & Malone, 2014; Freedman et al., 2002; Shamsuddin & Shafie, 2012) . Joint Commission 2008 report high lights medication safety considering it as global issue in patient care (Wright, 2010) . The current literature warns that medication errors are most common mistakes worldwide that are threat to patient safety and resulting in escalation of mortality rate, length of hospital stay and related costs (Cheragi, et al., 2013) . Further a literature review indicates that there is lack of research in the area of drug dosage calculation proficiency of the nurses that could lead to serious medication errors and threat to patient safety (Wright, 2010) . Therefore, this study was planned with the purpose to assess the drug dosage calculation knowledge and proficiency among our newly hired nurses using pre-test and post test approach.
Introduction
Drug dosage calculation and administration is an important function of nurses. The key professional role of nurses is to ensure safe drug dosage calculation while performing medication administration. Literature indicates that medication errors are a common cause of morbidity and mortality that may results due to wrong drug dosage calculation (Cheragi, (Wright, 2010) . The current literature warns that medication errors are most common mistakes worldwide that are threat to patient safety and resulting in escalation of mortality rate, length of hospital stay and related costs (Cheragi, et al., 2013) . Further a literature review indicates that there is lack of research in the area of drug dosage calculation proficiency of the nurses that could lead to serious medication errors and threat to patient safety (Wright, 2010) . Therefore, this study was planned with the purpose to assess the drug dosage calculation knowledge and proficiency among our newly hired nurses using pre-test and post test approach.
Study question
What is the level of knowledge and competence of newly hired nurses related to drug dosage calculation, as compared to before and after receiving the drug dosage calculation training module at Shifa International Hospital, Islamabad?
Literature review

Drug dosage calculation errors
Recent literature defines wrong drug dosage error as an inconsistency between the dose administered and the dose prescribed (Wright, 2010) . Medication safety is a major concern and a global issue related to quality and safety of patient care (Savage, 2015; Shamsuddin & Shafie, 2012) . A study conducted on economic measurement of medical errors in hospital setting reported that 44,000 to 98,000 medical errors cause serious adverse event every year in the United States (David, Gunnarsson, Waters, Horblyuk, & Kaplan, 2013 ). An empirical study identified that drug dosage calculation errors remained under-investigated and calls an immediate consideration for future studies (Wright, 2010) .
Mathematical and dosage calculation proficiency is very important skill for nurses in order to ensure patient safety and delivery of quality care (Athanasakis, 2012; Cheragi, et al., 2013; Fleming, et al., 2014; Savage, 2015; Sulosaari et al., 2015; Wright, 2004) . Recent review of literature reports that presently medication errors are focused in healthcare in the light of official reports in United States and the United Kingdom that highlighted the significant of medication errors occurring in hospitals. A study conducted to evaluate the drug dosage calculation proficiency of registered nurses on commencement of new employment reported that majority of the nurses lack the drug dosage calculation skill (Fleming, et al., 2014) . A recent study conducted in Tehran, Iran reported that drug errors are a major problem in nursing care as medication errors are not reported by nursing staff, study suggested that nurse managers must encourage nurses to report medication errors timely (Cheragi, et al., 2013) . A study conducted in Finland on drug dosage calculation proficiency among graduating nursing students found that one-fifth of the students failed the numeracy test due to poorly organized medication dosage calculation module (Grandell-Niemi, Hupli, & Leino- Kilpi, 2001 ).
Nurses training need for drug dosage calculation
A significant proportion of errors hint skill and knowledge deficiencies among nurses (Westbrook, Rob, Woods, & Parry, 2011) .
In United Kingdom according to the audit commission National Health Service report (2001) adverse events due to medication errors resulted in nearly 20% of the deaths that requires immediate attention cited in (Shamsuddin & Shafie, 2012) . Another study conducted in Australia also reported that the tutorial sessions enhanced the accuracy of students' medication dosage calculation and understanding the application of correct formula and identifying errors of drug dosage calculation (Coyne, Needham, & Rands, 2013) . A recent study indicated that drug dosage calculation skills among practicing nurses was greater than graduating nursing students. This study results also indicate that the nurses develop medication knowledge during the first year of practice therefore, the study suggest the need to put more emphasis for on-the-job-training in drug dosage calculation and pharmacological aspect to develop their competence (Simonsen, Daehlin, Johansson, & Farup, 2014 conceptual errors that needs the attention for nurses in-service education for drug dosage calculation (Blais & Bath, 1992) . Another study identified that the nursing students are not competent in the process of medication therapy both from their own and their clinical instructor's perspectives that calls an urgent need to take actions to strengthen the students' skills in medication administration and dosage calculation (Zare, Purfarzad, & Adib-Hajbaghery, 2013 (Cheragi, et al., 2013; David, et al., 2013; Fleming, et al., 2014) . A recent study identified lacking in nursing curricula that should develop the nurse's competence in pharmacology and drug dosage calculation during the basic nursing training. The study results suggest that mathematical and conceptual drug dosage calculation skills "should be identified as a distinct competency in nursing curricula and continuing education program" p. 305 (Fleming, et al., 2014) .
Adverse out-comes
Drug dosage miscalculation leads to medication errors that may result in serious adverse outcomes (Cheragi, et al., 2013; Fleming, et al., 2014) . Presently health care reform in United states is taking positive initiatives in health policy and health care systems generally and specifically in hospitals while "Medicare has eliminated payments to hospitals for hospital-acquired conditions" p. 305 (David, et al., 2013) .
Current literature indicates that drug dosage calculation is essential nursing proficiency that is so important to ensure patient safety and quality care (Athanasakis, 2012; Cheragi, et al., 2013; Fleming, et al., 2014; Shamsuddin & Shafie, 2012; Tshiamo, et al., 2015) . A recent study indicates that main cause of medication errors caused due to lack of pharmacological knowledge and study further shows that there was no statistically significant relationships between medication errors and nurses years of working experience, age, and working shifts (Cheragi, et al., 2013) . A study conducted in Malaysia to assess the knowledge level of nurses related to preparation and administration of drugs indicated that intravenous medications errors cause most of life threatening situations (Shamsuddin & Shafie, 2012) . A recent study conducted in intensive care unit suggested that supervision to the nurses administering medications by more experienced ICU nurses in regular intervals is helpful in preventing medication errors (Agalu, Ayele, Bedada, & Woldie, 2012).
A study conducted in Norway showed nurses poor knowledge and highest mean risk of medication error calling the immediate attention as nurses regularly have complete responsibility for medication management and drug dosage calculation and administration (Simonsen, et al., 2014) . current literature reports that there is evidence that deaths from medication errors have been on the rise (Aronson, 2009) .
Empirical literature suggested that nursing training program should give high importance on drug dosage calculation skills (Shamsuddin & Shafie, 2012; Simonsen, et al., 2014) . A recent study done in Australia indicated that intravenous drug administrations have a higher risk and severity of error than other medication administrations. A significant proportion of errors hint skill and knowledge deficiencies among nurses (Westbrook, et al., 2011) .
Intravenous drug errors
Literature reports that 61% of serious adverse out-comes were associated with intravenous medication cited in (Shamsuddin & Shafie, 2012) . A study conducted in Iran showed that the most common type of medication errors (34.26%) were linked with the intravenous injection doses faster than the recommended rate (Sohrevardi, et al., 2014 ). An observational study done in UK indicated that 265 intravenous (IV) drug errors were identified out of 483 drug preparations and 447 drug administration's (Taxis & Barber, 2003) . A study conducted in Australia for continuous infusions of IV fluids (parenteral nutrition and non-electrolyte) identified that the most common errors observed were wrong administration rate (Han, Coombes, & Green, 2005) . A study done in three countries UK, ISSN: 2520-3096 Germany and French identified that wrong dilutions and wrong rate of infusion administration were observed frequently, study suggested that intravenous infusions must be considered as a high risk interventions. These findings call urgent attention to develop effective policy and procedures for safe intravenous infusion therapy (Cousins, Sabatier, Begue, Schmitt, & Hoppe-Tichy, 2005).
A study conducted in Malaysia reported that 61% of life threatening errors were linked with intravenous medications (Shamsuddin & Shafie, 2012) . A recent study reported that medication errors had been made by 64.55% of the nurses while, 31.37% of the participants reported potential medication errors identified and caught on the edge of occurrence related to wrong dosage and infusion rate (Cheragi, et al., 2013) .
Another study indicates that during the assessment of knowledge level related to drug administration skills found less than 50% of nurses able to calculate correct dosage of IV medications (Shamsuddin & Shafie, 2012) . Adverse out-come occur commonly among hospitalized patients, in United States medical errors has been estimated 3.7% to 16.6% of hospital admissions cited in (Freedman, et al., 2002) . A recent study conducted in Norway showed nurses poor knowledge and highest mean risk of medication error calling the immediate attention as nurses regularly have complete responsibility for medication management and drug dosage calculation and administration (Simonsen, et al., 2014) . current literature reports that there is evidence that deaths from medication errors have been on the rise (Aronson, 2009 ).
Empirical literature suggested that nursing training program should give high importance on drug dosage calculation skills (Athanasakis, 
Study design
Participatory Action Research (PAR) approach was selected using pre and post test to assess the newly hired nurse's knowledge and skills related to drug dosage calculation. PAR is a teamwork between researcher and study participants in identification of the problem and finding its solution. The aim of PAR is realization and action including knowledge enhancement as researcher put efforts to empower study participants in developing and using new information (Polit & Beck, 2004 ).
Setting
The study was conducted in Shifa International Hospital, Islamabad, Pakistan that is 500 bedded private tertiary hospital comprised of more than 100 critical beds (medical and surgical including pediatrics and neonatal). Shifa International Hospital also provides special services like cardiac surgery, renal transplant, liver transplant, corneal transplant hip and knee replacement inclusive many more special services.
Sample
Purposive sampling technique was adopted (n=135) all nurses on the commencement of their employment from July 2016 to October 2016 were selected to participate in the study at Shifa International Hospital, Islamabad Pakistan. Using pre-test and post-test approach for drug dosage calculation module in Nursing Education services successful nurses were to be assigned in different clinical areas Emergency Room (ER), Medical wards (male and female), Surgical ward (male and female), Stroke unit, Intensive care units: (Medical ICU, Medical step down, Surgical ICU and Surgical step down).
Data collection
Data was collected after the approval of Institutional Review Board (IRB) and the informed consent of the study participants from July 2016 to October 2016. The study tool contained 6 components to assess micro and macro drug dosage calculation proficiency of the nurses carrying total 50 marks. According to our hospital policy the study participants were expected to achieve full marks 50/50 (100%) with no chance of error in drug dosage calculation to be privileged for medication administration. A recent literature cited many examples where nursing institutions pass nurses for medication administration even they achieved 70% score. Literature further argues that how 70% passing marks are acceptable when even small error may cause serious adverse event (Fleming, et al., 2014) .
Study tool
A study tool taking before and after intervention approach assessed nurse's knowledge and proficiency for drug dosage calculation comprised of 6 components: metrics conversions, oral drug dosage, injections dosage, drips rate, blood and blood products rate and inotropic infusion related to life saving drug dosage calculations.
Questions in component 1: There were 10 questions to assess the metrics conversion skills carrying 1 mark each (total 10 marks). Question in component 2: contained 5 questions to assess oral dosage calculation carrying 2 marks each (total 10 marks). Question in component 3: comprised 5 questions to assess injections dosage calculation carrying 1 mark each (total 5 marks). Question in component 4: There were 5 questions for drip rate calculation carrying 2 marks each (total10 marks). Question in component 5: consisted 5 questions to calculate blood and blood products rate carrying 2 marks each (total 10 marks). Similarly, questions in component 6: There were 2 questions posed to judge the calculation skills in inotropic infusion related to life saving drug dosage calculation carrying 2.5 marks each (total 5 marks).
Internal and external validity of the tool was established by expert nurses 3 faculty members from Nursing Education Services and 5 on-board expert nurses working on clinical side. Pilot testing was done on 10% of the study sample that was excluded from the actual study. Conceptual framework teaching learning process: assessment, planning, implementation and evaluation was used to guide the study (Billings & Halstead, 2005) .
Data collection procedure
Upon completing hiring process in Human Resource Department on 4th day all newly employed nurses joined Nursing Education Services for 3 weeks orientation program as part of routine. Every month average 30 to 35 new nurses are employed to catch the nurse's shortage in the hospital. First day in Nursing Education Services all new nurses are pre-tested for their professional competencies and nursing knowledge including drug dosage calculation proficiency prior to commence the orientation program in Nursing Education Services department. The pre-test for drug dosage calculation was administered to each new group of nurses and based on pre-test results, 10 hours drug dosage calculation workshop (2 hours every day for 5 days) was conducted and each individual nurse was provided with rigorous exercises and examples of all types of drug dosage calculations under the close supervision of 2 nursing instructors and researcher to understand the concepts of micro and macro drug dosage calculations, standardized formulas and conceptual skills in mathematics. The study participants were provided with individualized assistance and coaching in addition to drug ISSN: 2520-3096 dosage calculation practice, standard formulas and workbooks. Small group work and individual home assignments for practice were also provided with guided teaching resources. While post-test was administered when the study participants felt comfortable and ready to attempt.
Data analysis
Pre-test and post-test responses were analyzed using SPSS (version 16). Descriptive statistics were applied using t-test with alpha <0.05 for comparison between pre-test and post-test score.
Results
Demographic characteristics
The sample constituted of nurses (n=135) who recently joined study hospital and were inducted for orientation program. The socio demographic data of the study subjects were analyzed using descriptive statistics and were presented in terms of frequency and percentage. Majority of the participants (n=98) 72.6% were females, aged between 21-25 Years (n=104) 77.1%. Education wise most of the participants (n=133) 98.6% had General Nursing 3 Years Diploma most of them had additional one year specialty diploma in Midwifery/ ICU/ Cardiac/ Psychiatric/ Anesthesia/Accidental Emergency, while large number of participants (n=92) 68.1% were fresh graduates ( Table 1) . Micro and macro drug dosage calculation proficiency data of 6 items was analyzed using SPSS (version 16). Descriptive statistics were applied using t-test with alpha <0.05 for comparison of pretest and post-test score. Item 1: conversions part showed pre-test mean score 2.42 ±1.52 and post-test mean score 4.64±0.65. P-value < 0.05, paired t-test showed that the nurses gained significant knowledge after the education session. Item 2: oral dosage calculation showed pre-test mean score 5.31 ±3.19 and post-test mean score 9.60±0.96. P-value < 0.05, paired t-test found the significant enhancement of knowledge in post-test scores. Item 3: injection dosage calculation showed pre-test mean score 4.12±3.15 and post-test mean score 9.36±1.49, P-value < 0.05, paired t-test proved the significant increase in nurses knowledge in post-test. Item 4: drips rate calculation illustrate that pretest mean score 2.30±2.11 and post-test mean score 4.65±1.08. P-value < 0.05, paired t-test observed that the nurses gained significant knowledge after the intervention of education session. In overall pre-test (n=40) 29.63% received the score between 0-10 (poor) and (n=39) 28.89% of the participants received the score between 10.5 -20 (average). While (n=48) 35.56% of the participants scored between 20.5-40 (good and very good) and only few (n=8) 5.92% of the study participants scored 40.5-<50 (excellent). While in post-test the majority of the study participants (n=111) 82.22% received the score between 40.5-≤50 (excellent) while (n=58/111) 42.96% achieve 100% accuracy score in safe drug dosage calculation. While some of the study participants (n=23) 17.04% scored 20.5-40 that is good and very good (Table 3) . The analysis of score comparison qualification wise shows that there is no much difference in drug dosage calculation scores of the study participants acquiring general nursing 3 years diploma alone or having additional one year specialization courses as only few (n=7/121) 5.18% achieved pre-test score 40.5-<50. Pre-test score of nurses having 3 years nursing diploma (n=12) 8.8% also shows severe deficiency in drug dosage calculation skills that was significantly improved in post-test scores. However, BscN graduates (n=2) 1.48% performed much better in pre-test scoring 30.5-<50 who were also able to score 100% in post test. However, overall post-test scores improved significantly. (Table  4 ). Score comparison of the study participant's experience-wise shows that there is no much difference in pre-test score between fresh graduate and experienced ones. While pre-test score shows that only few fresh nurses (n=4) 2.97% achieved 40.5-<50 score that is same for experienced ones. However, majority (n=134) 99.25% scored 20.5-≤50 that is good, very good and excellent level (Table 5 ). 
The analysis of score comparison qualification wise shows that there is no much difference in drug dosage calculation scores of the study participants acquiring general nursing 3 years diploma alone or having additional one year specialization courses as only few (n=7/121) 5.18% achieved pre-test score 40.5-<50. Pre-test score of nurses having 3 years nursing diploma (n=12) 8.8% also shows severe deficiency in drug dosage calculation skills that was significantly improved in post-test scores. However, BscN graduates (n=2) 1.48% performed much better in pre-test scoring 30.5-<50 who were also able to score 100% in post test. However, overall post-test scores improved significantly. (Table  4) .
Score comparison of the study participant's experience-wise shows that there is no much difference in pre-test score between fresh graduate and experienced ones. While pre-test score shows that only few fresh nurses (n=4) 2.97% achieved 40.5-<50 score that is same for experienced ones. Inability to calculate accurate dosages contribute to serious medication errors cited in (Fleming, et al., 2014) . However, in post-test majority (n=134) 99.25% scored 20.5-≤50 that is good, very good and excellent level (Table 5) .
Discussion
Empirical literature highlighted the serious concern about nurse's drug dosage calculation proficiency (Cheragi, et al., 2013; Fleming, et al., 2014; Shamsuddin & Shafie, 2012; Tshiamo, et al., 2015) and threat to patient safety (Cheragi, et al., 2013) . There is lack of research in this area (Wright, 2010) . Therefore, the current study was planned to evaluate the drug dosage calculation proficiency of registered nurses commencing employment.
Nursing Education Services at study hospital conducts drug dosage calculation proficiency preassessment of newly employed nurses that is part of three weeks orientation program as routine. As ISSN: 2520-3096 Drug Dosage Calculation and Safe Medication Administration Certification is basic requirement for nurses before starting in clinical areas at Shifa International Hospital. This orientation package includes drug dosage calculation proficiency module as well.
The study participant were taken in to confidence and assured that this exercise is to assess their knowledge and skills related to drug dosage calculation as an essential skill required for nurses so, they should not worry in case they do not score pre-test adequately. They were explained that during work hours, well designed training module will be provided to them to develop their competence in drug dosage calculation enabling them for safe medication preparation and administration. In addition, confidentiality and individual respect and dignity were observed all the time.
The study participants were found to be very enthusiastic to learn the drug dosage calculation proficiency that motivated them for informed consent with the right to with-draw any time during the study. The study cohort verbalized that this is first time for them to attend such structured program to build their competence in drug dosage calculation. During the course of the program the study participants took high interest to learn the mathematical concepts and standardized formulas to be used for drug dosage calculation. However, the learning capacity and pace varied for each individual that was taken care of by the concerned faculty members to facilitate the cohorts in learning throughout the whole process. This part of the information corresponds with previous researches that drug calculation proficiency must be developed among nurses on practice side through in-service education (Fleming, et The empirical literature supports that nursing curriculum needs to be reviewed for effective integration of drug calculation proficiency and pharmacological knowledge otherwise student may graduate from the program with-out acquiring drug dosage calculation knowledge and proficiency that is prime important for nurses role cited in (Tshiamo, et al., 2015) lack of teaching opportunities regarding drug dosage calculation for nursing students and in-service activities for practicing nurses cited in (Fleming, et al., 2014) .
The current study identified that years of nursing experience and additional specialty diploma had no influence on the level of score achieved by the study participants. The study results are similar to previous study done in Malaysia (Shamsuddin & Shafie, 2012) . In Pakistan this study result may be due to nurse's dependency on physicians that they receive calculated dosage prescriptions and they are system dependent in practice to verify such orders related to safe drug dosage calculation. However, this area needs further researches to identify the factual causes of knowledge and skill deficiency on nurses part related to drug dosage calculation. As literature supports that there is lack of research that medication errors are due to nurses poor numeracy skills (Fleming, et al., 2014) .
While analyzing the main questionnaire comprised 6 components scenario based micro and macro drug dosage calculation suggested that item 1: conversions part that was based on 10 questions allocated 1 mark for each question showed pre-test mean score 2.42 ±1.52 majority of the study participants (n=104) 77% achieve the score 0-30 that shows lack of nurses drug dosage calculation skills. The study results are congruent with previous literature (Fleming, et al., 2014; Shamsuddin & Shafie, 2012) . While post-test showed mean score 4.64±0.65. P-value < 0.05 and paired t-test showed that majority of the nurses (n=127) 94% achieved score 30-≤50 very good and excellent showing significant improvement after the drug calculation training. While item 2: oral dosage calculation was based on 5 questions allocated 2 marks for each question pre-test showed the mean score 5.31 ±3.19 while majority scored 0-30 and only (n=31) 22.96% scored 30.5-<50. Previous literature also indicated that nurses lack the drug dosage calculation skills (Cheragi, et al., 2013; Fleming, et al., 2014; Shamsuddin & Shafie, 2012) . Post-test showed significant improvement of mean score 9.60±0.96. P-value <0.05 while paired t-test found the significant enhancement of knowledge among nurses after attending drug dosage calculation module.
Item 3: injection dosage calculation also contained 5 questions and allocated 1 mark for each question showed pre-test mean score 4.12±3.15 majority (n=104) 77% of the nurses scored 0-30 previous study support this result (Cheragi, et A study conducted in Australia for continuous infusions of IV fluids identified that the most common errors observed were wrong administration rate (Han, et al., 2005) . A study done in three countries UK, Germany and French identified that wrong dilutions and wrong rate of infusion administration were observed frequently, study suggested that intravenous infusions must be considered as a high risk interventions. These findings call urgent attention to develop effective policy and procedures for safe intravenous infusions (Cousins, et al., 2005) .
The study findings of item 5: related to blood and blood product rate calculation that was allocated 10 marks to 5 questions showed pre-test mean score 4.12±3.89 and post-test mean score 8.92±2.50. Pvalue < 0.05, Paired t-test established the significant improvement in nurse's knowledge in post-test.
Item 6: inotropic infusion rate calculation related to life saving drug was allocated 5 marks for 2 questions that showed pre-test mean score 0.94 ±2.57 and post-test mean score 7.93±3.48. P-value < 0.05, Paired t-test found the significant enhancement of knowledge in post-test. Empirical literature supports continuing education of the nurses that help reducing medication errors and especially high teaching priority for the new and complex medications coming in the hospitals (Anderson & Townsend, 2010) .
In overall pre-test (n=40) 29.63% showed Knowledge score poor (0-10) and (n=39) 28.89% of the participants showed knowledge score average (10.5-20) , while (n=48) 35.56% of the participants obtained score 20.5-40 good and very good. However, only few (n=8) 5.92% of the study participants scored excellent 40.5-<50.
While in overall post-test the majority of the study participants (n=111) 82.22% performed excellent and secured the highest score 40.5-≤50; while (n=58/111) 42.96% achieve 100% accuracy score for safe drug dosage calculation and showing the significant impact of training session. In the study hospital newly hired nurses were assessed and given the opportunity to develop their competence in drug dosage calculation through this study as nurse's drug dosage calculation proficiency is very important for patient safety and delivery of quality care. In addition, we can control preventable medication errors and adverse events by reducing the chance of error by developing nurse's competence in drug dosage calculation. Moreover, we can make health care cost effective by shortening the length of stay in the hospital. Finally, we can gain public trust through provision of error free care or reduced medication errors rate.
The paired t-test knowledge score achieved by the respondents showed pretest mean score 19.21 ±16.43 and post-test mean score 45.01±10.16. P-value < 0.05, Paired t-test revealed that the nurses gained significant knowledge after the education session (Table 4) .
All the study participants (n=135) who were graduated from the different nursing educational institutions from all over the country failed the numeracy pre -test and could not achieve the required accuracy level in drug dosage calculation. Only (n=2) 1.48% who had BscN degree achieved the pretest score 30-<50. However, the passing marks were 50/50 (100%) to reach the safe drug dosage calculation. However study participants failing in the pre-test were given 10 hours hands-on workshop along with practice questions and hospital drug dosage calculation protocol and guide as resource material to get themselves familiar with standard formulas to be used for accurate dosage calculations in different clinical situations. The training was facilitated by 2 nursing instructors and principal investigator.
The achievement of this study was that in post-test (n=58) 42.96% of the study participants achieved 100% accuracy for safe drug dosage calculation and privileged for medication administration. While majority of the nurses (n=77) 57% could not achieve 100 % accuracy in posttest. So they were advised to re-appear for another post test or to repeat the modular program ISSN: 2520-3096 according to their comfort level until they reach to expected level of accuracy in drug dosage calculation. They were planned to be given extra time and support at their pace to help them to clarify difficulties and the key concepts involved in drug dosage calculation by arranging special tutorials. While these re-do results are not included in this study.
The study results suggested that at the commencement of employment nurses drug dosage calculation is extremely poor in the study hospital. It is very important for hospitals to asses this vital skill of nurses at the time of hiring. So, nurses lacking drug dosage calculation skills may be polished prior to assign them on clinical areas in order to ensure patient safety and quality care. This is most important area that is under investigated and warrants future researches (Wright, 2010) . Drug dosage calculation knowledge and skill is essential competency for nurses that should be given high importance for in-service education and refresher trainings on regular basis. Similarly, Drug dosage calculation proficiency must be included in basic nursing curriculum so the newly graduate nurses acquire the knowhow of accuracy in drug dosage calculation once they join nursing jobs. The study findings supports that nursing curricula needs to be reviewed keeping in mind the importance of developing nurse's competence in pharmacology and drug dosage calculation knowledge and skills. previous empirical researches also suggested that drug dosage calculation skills must be acknowledged as an essential competency in basic nursing training and continuing education program for practicing nurses (Athanasakis, 
Test of significance
Null Hypostasis: Stated that mean score of pre-test = mean score of post-test Alternative Hypostasis: Stated that mean score of pre-test ≠ mean score of post-test The mean score of pre-test was 19.21 and the mean score of post-test was 45.01, so there was enough evidence to reject H0.
P-value for all the pre-test and post-test responses was calculated using t-test. In all of the components a significant difference was observed as all 2-sided significance value for the complete set of questions came out to be highly significant < 0.005.
Limitation
Limitation of the current study was a small sample size that comprised of only 4 month data. This would have been appropriate if data was collected at least over the 12 months period for generalization of the study findings. Although this study limits the generalization of the findings, the results supports the need for further research on a larger sample of the nurses commencing employment. A much larger study sample will validate the reliability and confirming the findings of this study.
Conclusion
In conclusion, nurses have vital responsibility to ensure safe drug administration to the patients. Several studies proved that nurses lack drug dosage calculation proficiency (Cheragi, et al., 2013; Fleming, et al., 2014; Shamsuddin & Shafie, 2012; Tshiamo, et al., 2015) . The pre-test of current study statistically established that the study participants were deficient of knowledge and proficiency regarding drug dosage calculation at commencement of employment. However, the post-test statistically proved that structured education program was highly effective to improve the knowledge and skill related to drug dosage calculation among nurses at the time of commencing employment.
The study results also showed that years of experience has no influence on the level of score achieved by the study participants. It may be due to nurses are not provided with effective training opportunities related to drug dosage calculation in-spite of their vital role in medication administration. Low scores in nurse's drug dosage calculation should be taken serious as such calculation errors and conceptual mistakes could cause life threatening medication errors or even deaths. In the light of current study it is recommended that drug dosage calculation skill must be considered key proficiency of the nurses that should be addressed aggressively in basic nursing curriculum as well as in-service education for on board nurses. In addition, this important skill must be assessed at the commencement of nurse's employment and they should be provided adequate training related to drug dosage calculation knowledge and proficiency in the interest of patient safety.
Empirical literature suggested that there is prime need to understand the causes of medication errors through universal and standardized reporting mechanisms (Michaels et al., 2010) .
Although the sample size was small and the study findings cannot be generalized even then study has the implication on nursing practice, education, administration and research. Further, interventional/experimental research is warranted on larger sample to generalize the findings of this study.
Implication of the study
Nursing practice
At the time of commencement of employment nurses must be assessed for this important proficiency related to drug dosage calculation and provide them chance to up-date their related knowledge. Moreover, on-board nurses should be highly supported to polish their drug dosage calculation proficiency on regular basis. Hospitals must have standardized mechanism in-placed for nurse's in-service education and training related to drug dosage calculation to ensure patient safety.
Nursing education
Basic nursing curriculum must provide more hours to develop drug dosage calculation skills among student nurses. Nursing faculty members must acquire drug dosage calculation proficiency so they are enabled to teach and mentor students effectively.
Nursing administration
The nurse administrator can make use of these study findings to encourage the nurses for evidencebased practice and also transfer the knowledge among the student nurses during their clinical placement. In addition, seminars and workshop can be organized to strengthen the knowledge base related to drug dosage calculation.
The findings of the study should be used in basic nursing curriculum as well as basis of in-service education programs for nurses so their knowledge regarding drug dosage calculation may be enhanced.
Nursing research
The research findings and research design may be used as an avenue in future researches. The nurse researchers can promote further research on same topic to develop the body of knowledge for generalization of these findings and diverse aspects of the research for further inquiry into the problem.
